The objective of this research was to evaluate the serum concentrations of mannan-binding lectin (MBL) at different ages in Ross broilers fed increasing amounts of a yeast-fermented product (YFP) and inoculated with a vaccine against Newcastle disease virus (NDV). Eighty mixed Ross B308 broilers were individually housed. Groups of 20 broilers were randomly assigned to 4 dietary levels of YFP (0, 400, 800, and 1,600 ppm). Serum concentrations of MBL were determined on d 17, 21, 28, and 35. At 21 d, birds were vaccinated against NDV and the titers of antibodies (Ab) against NDV were determined at 35 d of age. There was not changes in the concentrations of MBL due to the increasing levels of dietary YFP, but showed a steady decrease across the sampling d. The NDV-specific Ab titers showed the lowest titers at the highest dietary YFP. Broilers with low (LMBL) and high (HMBL) concentrations of MBL were observed, which exhibited different patterns on the Ab titers against NDV in respect to the increasing levels of dietary YFP. This was also observed when the gender effect was introduced in the analysis of data. The results suggest that in Ross broilers raised in commercial conditions the presence of low Ab titers after a vaccination may be partially caused by factors such as the frequency of LMBL and HMBL chickens, the proportion of females and males in the flock and the additions of dietary growth promoters like YFP.
DESCRIPTION OF PROBLEM
The benefits of antibiotic growth promoters (AGP) on the health and growth of animals have been well documented in the scientific literature, as have the arguments against extended use of AGP that could lead to the development of resistant pathogenic bacteria that represent a serious health risk to animals and humans [1, 2] . As a consequence, many feed additives to replace or reduce dependence on AGP have been evaluated. The most frequently studied feed additives to replace AGP are yeast products and derivatives such as mannan oligosaccharides (MOS) [3, 4] . A meta-analysis that included 21 pen trials concluded that broilers fed diets with added MOS had comparable body weight and feed conversion ratios but lower mortality than those fed antibiotic-supplemented diets [3] . In addition, a holo-analysis that included 32 publications on the use of MOS as a feed additive, confirmed the beneficial effects of MOS on broiler performance [4] .
Studies in both experimental and field conditions have shown that different yeast products and MOS can maintain the intestinal health of broilers against challenges such as infections with coccidia, E. coli and Salmonella spp. Other reports show consistent reductions in mortality of birds that have consumed yeast products, but the mechanisms underlying these responses have not yet been fully determined [1, 2, 5] .
One mode of action of yeast and MOS is through mannose units that bind potentially pathogenic bacteria, particularly those with type 1 fimbria on their surface, blocking the adhesion and colonization of enterocytes. In other words, different bacterial strains can agglutinate MOS [3, 6, 7] . Furthermore, it was found that mannan isolated from yeast binds to C-type lectins of the mannose receptor family expressed by antigen-presenting cells including dendritic cells and macrophages [8] . As these receptors influence endocytosis, they have been chosen as targets for ligands that provide antigens to antigen-presenting cells to trigger immune reactions [9, 10] . Mannose receptor-binding mannan has been described as one of several mucosal adjuvants capable of inducing protective immune responses and is important in the development of mucosal vaccines and vaccination strategies [9] .
In humans, mannan-binding lectin (MBL), a plasma protein of hepatic origin, plays a crucial role in innate immunity against yeasts such as Candida spp. [11] [12] [13] . MBL belongs to the family of calcium-dependent collagenous lectins (collectin) and activates the complement system upon binding to microbial carbohydrates which results in opsonization of the microbial organisms as well as direct complementmediated killing [14] . MBL binds mannose and N-acetylglucosamine oligosaccharides and their derivatives present on the surface of various Gram-positive and Gram-negative bacteria, fungi, and yeast particles. It also binds strongly to Candida spp., Aspergillus fumigatus, Staphylococcus aureus, and β-hemolytic group A streptococci. An intermediate binding of MBL has been found for E. coli, Klebsiella spp., and Haemophilus influenzae type b [13] .
These findings suggest that the presence of mannose units on the surface of yeast products may improve the growth and health of poultry by at least two mechanisms: 1) binding pathogenic bacteria and blocking their adhesion to the intestinal cells; and 2) interacting with mucosal dendritic cells and macrophages thus shaping innate and adaptive immune responses. Although not fully elucidated, previous studies have suggested the possibility of MOS, triggering the production of MBL by the liver which may directly neutralize or enhance the opsonization of pathogenic bacteria having mannose and Nacetylglucosamine in their surface [10, 15] . In birds suffering from the viral diseases infectious bronchitis and infectious laryngotracheitis a 2-to 3-fold increments in serum levels of MBL have been reported, hereby, proving that chicken MBL is an acute-phase protein as described in mammals [16] [17] [18] .
Notwithstanding, there are no reports, to our knowledge, on the relationship between yeast or yeast cell wall consumption and MBL values in the serum of chickens. If such a relationship existed, it would provide a deeper insight to the mechanisms of action of yeast and it would help improve the effectiveness of vaccination programs by boosting the immune system. Therefore, the objective of this study was to evaluate the effect of the consumption of a yeast-fermented product (YFP) by broilers on serum concentrations of MBL and immunoglobulin titers after vaccination against the Newcastle virus.
MATERIALS AND METHODS
This research was reviewed and approved by the Institutional Subcommittee for Care and Use of Experimental Animals (SICUAE) of the National Autonomous University of Mexico.
Birds, Experimental Design, Diet, and Housing
Eighty mixed day-old Ross B308 chicks were housed in cages arranged in batteries. Birds had free access to starter (1 to 21 d) and grower (21 to 35 d) feeds formulated according to Ross (2014) [19] recommendations. Nicarbazin was added as an anticoccidial antibiotic at 125 ppm. Chicks were vaccinated against Marek's disease in the incubator. Lighting and temperature regimes were as recommended in the management guide for the strain [19] . At 17 d of age, broilers were randomly assigned to 4 levels of YFP (0, 400, 800, and 1,600 ppm). Each bird was housed individually, resulting in 20 replicates per treatment. The YFP used was a commercial 2-phase fermentation of Saccharomyces cerevisiae that contained 5 million CFU/g (Original XPC TM ; Diamond V, Cedar Rapids, IA).
Weighing and Vaccine Administration
Body weight was measured at the beginning and end of the trial and the amount of feed offered and refused was also recorded throughout the experiment to determine the weight gain (g/d), feed intake (g/d) and feed conversion ratio. At 21 d of age, birds were vaccinated in the eye against the Newcastle disease virus (NDV) using a La Sota strain (B1 type, live lentogenic Virus, La Sota, commercially available).
Sampling Collection and Laboratory Analysis
At 17, 21, 28 and 35 d of age, 1 mL of blood was obtained from each bird by venipuncture of the left brachial vein. The serum was separated and immediately frozen at −4
• C. At 17 d of age, 12 randomly selected chicks were killed by cervical dislocation to perform necropsies and determine the presence of lesions in samples of duodenum, jejunum and liver. At the end of the study, 3 chicks per treatment were also killed to perform necropsies. Samples of duodenum, jejunum and liver were preserved in formalin to carry out histopathological evaluations. The MBL in serum was determined by the enzymelinked immunosorbent assay (ELISA) technique according to the method described by Norup and Juul-Madsen [20] . The analysis was performed at the Department of Animal Science Aarhus University, Denmark. Measurements of specific antibodies (Ab) to NDV were also performed at the same laboratory using the Proflock NDV plus ELISA kit from Symbiotiks Europe SAS (France) in serum samples collected at 35 d of age.
Classification of birds based on the MBL concentrations
Based on previous reports [21 -23] in which low-and high-MBL chickens were identified within the same strains, and taking into account the serum MBL concentrations at d 17 in this study, two groups of broilers were formed, one in which the MBL concentration was below 9 μg/mL that were classified as low (LMBL) and another one in which the MBL concentration was above 9 μg/mL that were classified as high (HMBL). By choosing these limits it was ensured a minimum of 5 replicates per combination of MBL concentration and sampling day. There were 24 and 36 observations in the LMBL and HMBL groups, respectively.
Statistical Analysis
The MBL concentrations were analyzed using the mixed-model procedure with repeated measurements and two factors: dietary YFP and sampling day [24] . The random variable was chicken (crate). MBL data was transformed to natural logarithm before analysis. The Ab data and the production variables (body weight and feed conversion ratio) were subjected to ANOVA. Linear regression analysis was carried out to describe the relationship between the response variables and the dietary levels of YFP and sampling d. Additionally, the sex effect (female and males) was introduced in the model and all the data was re-analyzed as described to test for differences related to the gender of the chicken.
RESULTS AND DISCUSSION

Serum Concentration of MBL
During the study, the mean concentration of MBL varied from 7.54 to 11.46 μg/mL (Table 1) . Absolute values of MBL ranged from 2.9 to 38 μg/mL, 2.7 to 26.9 μg/mL, 2.5 to 21.1 μg/mL and 2.7 to 21.8 μg/mL on d 17, 21, 28 and 35, respectively. Concentrations of MBL previously reported [23] ranged from 0.4 to 37.8 μg/mL, but the mean was approximately 5.8 μg/mL in broilers from 1 to 70 d of age. The range of MBL concentrations recorded in our study fell within these values. However, in our study, the average MBL concentration in broilers from 17 to 35 d of age was 8.98 μg/mL, which is about 1.5-fold higher than the average concentration observed before [23] . In layer chickens from 14 to 35 d of age, a range of MBL from 5 to 9 μg/mL was reported [16] while in 49 day old chickens basal levels of MBL ranged from 1.8 to 7.5 μg/mL [18] . In another study, MBL concentrations of 2.6 μg/mL and 14.3 μg/mL were observed in LMBL and HMBL genotypes of layer chickens, respectively [22] . The absolute MBL values observed in our research fell within the values reported in the last 3 reports, with the exception of the minimum MBL concentration observed in one of them [18] .
In one of the previous studies [23] MBL concentrations were determined in meat chickens, but mean MBL were not shown in the publication. In the same study [23] , 14 different strains of chicken were used representing both meat and layer types, but no significant differences were observed in the MBL concentration among the strains. Nielsen et al. [25] evaluated the MBL in layer and meat chickens, reporting no difference in MBL between these lines of chickens at 21 d of age; the MBL concentrations were not presented in this publication either. Later on, it was observed a 2-to 3-fold difference in the basic levels of MBL in serum in 4 commercial lines of layer chickens with a range from 5-19 μg/mL in samples taken from 3 to 55 wk of age [26] . Overall, the MBL concentrations in our study were within the range reported for layer chickens. The authors are not aware of any other reports of MBL in Ross B308 broilers.
Dietary YFP and MBL Concentrations
The average concentrations of MBL in serum were not affected by the interaction between the increasing level of YFP in the diets and the sampling d (Table 1 ). The results indicate that there was not any relationship between increased dietary levels of YFP and, hence, increased consumption of YFP, and the serum concentrations of MBL during the experimental period. One of the suggested mechanisms of action of yeast is related to their interaction with dendritic cells located in the mucosal surface as well as with macrophages that recognize the mannose units on the yeast. We and others have hypothesized [27] that this may initiate enhanced production of MBL by the liver. However, the lack of relationship between the presence of dietary YFP and serum MBL found in this study does not support this hypothesis. 
Sampling Days and MBL Concentrations
Serum MBL showed a significant quadratic response over time (P < [26] . These patterns clearly differ from the MBL profile shown by the broilers used in our study. Furthermore, it has been reported that MBL in chickens from 21 to 294 d of age showed a steady increase with stages of rises and falls over time [26] . Because in our study the MBL were determined in a small part of the lifespan of the chickens, it may be possible that the decreasing trend in MBL represents a transient drop of little biological meaning.
Several years ago, the identification and development of LMBL and HMBL lines of chickens, through selection, was aimed to determine the gene variants and biological function of MBL, especially, on the immune system responses in challenged and non-challenge chickens [21] [22] [23] . In our study, broilers were classified as LMBL and HMBL to detect any divergent pattern of MBL over time as well as on the immune responses of broilers from the same flock. The average MBL concentrations at d 17 for chickens in LMBL and HMBL groups were 6.0 and 14.5 μg/mL, respectively. The MBL concentration in LMBL in our study was either higher [22], lower [23] Figure 1B and C) . The MBL concentrations in LMBL had a cubic response over sampling d (y = 6.87 -1.815x + 1. Figure 1A ). The MBL concentrations of HMBL broilers ( Figure 1C) showed a quadratic response (y = 18.276 -4.6165x + 0.67x 2 ; R 2 = 0.96) which was similar to the pattern shown when all the data were plotted together across the sampling d ( Figure 1A ).
Vaccination Against NDV and MBL Concentrations
The decrease in MBL in all treatments during the 18 experimental d, regardless of the vaccine challenge against NDV, indicate that even if the vaccination increased MBL serum levels transiently this was no longer detectable 7 d after the vaccination. It was previously reported that a 2-or 3-fold increase in MBL was observed in chickens infected with infectious bronchitis virus and infectious laryngotracheitis virus [16] [17] [18] . It has been shown that the reaction time of MBL production after a challenge is between 2.5 and 4.5 d, depending on the genetic line, and the MBL mean life is 4-8 d [16, 23] . Accordingly, serum MBL concentrations should be increased between 7.5 and 12.5 d after a vaccination. However, examples from the literature shows a more rapid decline in serum levels after an initial acute phase response [28] .
Dietary YFP and Ab Titers Against NDV
The increasing dietary YFP caused a cubic pattern (P < 0.05) on the Ab titers against NDV (Figure 2 ) when all the observations were analyzed. The regression equation obtained was: y = 6487 -4.9029x + 0.0091x 2 -4E -06x 3 ; R 2 = 0.99. Compared to the 0 level of dietary YFP, Ab dropped by 12%, then rose by 7% and dropped again by 27% at 400, 800, and 1,600 ppm of dietary YFP, respectively. It has been observed [29] that broilers receiving a Newcastle vaccine at 7 d of age, showed cubic and quadratic patterns in the NDV titers, in regards to the increasing dietary yeast culture, at 7 and 14 d after the vaccination; when broilers were boosted with a Newcastle vaccine at 28 d of age, the NDV titers showed quadratic and cubic patterns in regards to the increasing dietary yeast culture at 7 and 14 d after revaccination. The highest NDV titers were observed at the lowest, intermediate or highest levels of the yeast culture depending on the time the serum samples were taken after vaccination or revaccination [29] . Higher [30, 31] or no change [32] in Ab titers against NDV in chicks fed diets containing yeast or yeast-derived products were observed in other reports. The results indicate a slight positive response on the Ab titers at 800 ppm of YFP, but with lower values at the 400 and 1,600 ppm of dietary YFP.
The cubic NDV titers when all data was analyzed together was a mirror response of the NDV titers shown by LMBL chickens, this is that, a cubic pattern was observed related to the increasing dietary YFP (Figure 2 ) (y = 691 -12.043x + 0.0261x 2 -1E-05x 3 ; R 2 = 0.99; P < 0.05). Compared to the 0 level of dietary YFP, Ab dropped by 20%, then rose by 14% and dropped again by 19% at 400, 800 and 1,600 ppm of dietary YFP, respectively. In HMBL chickens the pattern Ab titers was quadratic (y = 5860 + 0.9434x -0.0014x 2 ; R 2 = 0.97; P < 0.05). Compared to the 0 level of dietary YFP, there were little changes on the Ab within 400 and 800 ppm of YFP, then dropped by 36% at 1,600 ppm of dietary YFP, respectively. The main difference in the pattern of Ab titers was the sharp increase in Ab titers in LMBL chickens at 800 ppm YFP, while no such increase was found in HMBL chickens. On average, the Ab titers were 20% lower (P < 0.01) in HMBL compared to LMBL broilers.
In our study, HMBL chickens showed a quadratic response in the Ab titers to NDV, but opposite to previous results [29] there was not any improvement in the Ab titers at low (400) and intermediate (800) levels of YFP compared to the control group, whereas there was a negative response to the higher (1,600) YFP level. The cubic pattern of NDV titers in LMBL chickens of the present study resemble that observed earlier [29] ; the greater response was seen at the intermediate level of YFP (800 ppm) which correspond to the commercial recommended level, whereas there was not any statistical difference among the 0, 400, and 1,600 ppm of dietary YFP. Overall, the results suggest that the serum MBL concentration in LMBL broilers may be positively related whilst in HMBL broilers may be negatively related to the NDV titers. Table 2 presents the feed intake, body weight gain and feed conversion ratio of broilers during the experimental period. The evaluation of production was not a main objective on this study due to the blood sampling protocol, but were included after the preliminary analysis showed some significant trends. The average weight gain (966) and feed intake (2,200) from 17 to 35 d of age were 34 and 14% lower and the feed conversion ratio (2.28) was 31% higher according to the objectives of this strain [19] . In the analysis of all observations, body weight gain had a quadratic response (y = 950.34 + 0.0633x -2E -05x 2 ; R 2 = 0.99; P < 0.01) to increasing dietary levels of YFP showing a maximum response at the highest level of YFP. The feed conversion ratio showed a cubic response (y = 2.34 -0.0005x + 1E-06x 2 -5E -10x 3 ; R 2 = 0.99; P < 0.01) to dietary YFP levels, with the lowest ratio at the highest level of YFP. The cubic pattern in the feed conversion observed when all data were analyzed together seems to be the result of the opposite quadratic responses observed in LMBL and HMBL broilers. The beneficial effect of YFP on weight gain and feed conversion agrees with other reports where inclusion of different products derived from yeasts have been evaluated in broilers [3, 4] . Due to these effects, yeast and yeast-derived products such as YFP have been recognized as effective alternatives to AGP in feeds.
Dietary YFP and Growth Performance
In LMBL broilers both weight gain (y = 927.75 + 0.2196x -1E -04x 2 ; R 2 = 0.99) and feed conversion ratio (y = 2.4293 -0.0005x + 2E -07x 2 ; R 2 = 0.89) had quadratic patterns (P < 0.05; Table 2 ). The pattern indicated that weight gain linearly increased from 0 to 800 ppm of YFP, then plateaued from up to 1,600 ppm of YFP. The feed conversion decreased from 0 to 400 ppm of YFP, then plateaued up to 1,600 ppm of YFP. For HMBL broilers weight gain (y = 972.94 -0.0929x + 6E -05x 2 ; R 2 = 0.99) and feed conversion ratio (y = 2.1947 + 0.0005x -3E -07x 2 ; R 2 = 0.90) also had quadratic patterns (P < 0.05). However, in contrast to LMBL broilers, weight gain decreased and feed conversion increased linearly with increasing YFP up to 800 ppm, then improved at 1,600 ppm YFP; the final responses were similar to those showed by broilers fed 0 ppm of YFP.
These results indicate that the quadratic pattern of weight gain shown by LMBL broilers fed increasing levels of dietary YFP was more alike to the pattern shown when all data were analyzed together. These type of quadratic responses, in the body weight or weight gain, have been reported when increasing dietary levels of yeast culture [29] , yeast fermented product [31] , yeast cell wall product [33] or a yeast autolysate [34] were fed to broilers. Furthermore, the quadratic and diminishing trend on the feed conversion shown by LMBL broilers is more alike to the results reported in others studies [29, 34] . Other researches have reported no effects of the yeast products on the feed conversion ratio [31, 33] .
The diminishing trend on the weight gain and increasing pattern on the feed conversion shown by HMBL broilers fed increasing levels of YFP is not supported by the published literature [29, 34] . However, no previous studies were found in which productive responses in broilers fed increasing levels of yeast products were compared based on the serum concentrations of MBL as was done in the present study. The results of this research may suggest that in HMBL broilers, the serum MBL concentration may be negatively related with the weight gain and positively related with the feed conversion ratio; this suggestion may explain the negative results of HMBL broilers fed increasing dietary levels of YFP.
Influence of the Gender on MBL Concentrations and Ab Titers Against NDV
In the studies cited before, the MBL concentration were reported only in female chickens. In commercial flocks, female and male broiler are normally raised together. It has been reported that females grow slower than male broilers [35, 36] and that different dietary nutrient recommendations can be used when broilers are raised in separate pens according to sex [20, 37] . In our laboratory, greater carcass yield and lower abdominal and total body fat as well as greater protein and energy and lower fat retention have been observed in Ross 308 males compared to females broilers, as those used in the present experiment [38, 39] . Also, differences in the activity of humoral and cell-mediated immune responses between the sexes have been reported [40, 41] in young and adult chickens. When young chicks were challenged with a variety of antigens, the females had an earlier response (24-72 h before) with higher peak of antibody titers than males [41] .
In order to test whether the gender of the birds raised for meat production had any effect on the MBL, the Ab titers against NDV and productive parameters, the sex effect was introduced in the statistical analysis. Independent analysis were and HMBL (13.92 and 16.12 μg/mL) females and males, respectively, was not different between the sexes. In both, females and males, the pattern on the MBL concentration over time was similar to the pattern described before for LMBL and HMBL genotypes as depicted in Figure 1B and C. The results also indicate that there was a decrease in MBL in females and males during the test period, regardless of the vaccine challenge against NDV.
The increasing levels of dietary YFP caused different pattern in the Ab titers against NDV in female and male broilers (Figure 3) . In females broilers, the increasing dietary YFP caused a quadratic pattern (y = 5,701.4 + 828.3x -246.86x 2 ; R 2 = 0.99; P < 0.05). The Ab titers showed slight changes from 0 to 800 ppm of dietary YFP, but dropped by about 15% at the 1,600 ppm level of YFP. In male broilers the pattern of Ab titers was cubic (y = 20,213 -22,439x + 10,330x 2 -1,438.1x 3 ; R 2 = 0.99; P < 0.05). Compared to the 0 level of YFP, the Ab titers decreased by 23%, then increased by 5% and finally fell by about 45% at the 400, 800, and 1,600 ppm levels of dietary YFP. The results indicate that the Ab titers were lower in males than in female broilers. The finding is in agreement with previous research in which it has been reported that young females had an earlier response with higher peak of Ab titers than males after a challenged with a variety of antigens [41] .
The results of the Ab titers against NDV in LMBL and HMBL females and males did not show any statistical difference among the groups. It was observed that in LMBL females and males the Ab titer were 25 and 17% higher, respectively, compared to HMBL females and males. This findings are similar to those discussed earlier (Figure 2) . Plots (not shown in this paper) of the Ab titers in LMBL and HMBL females and males fed increasing levels of YFP suggested that LMBL and HMBL females had Ab titers with patterns much alike to those of Figure 2 ; unlike this, in LMBL and HMBL males the Ab patterns were not alike to Figure 2 , the values were closer between them, with slight peaks downward and upward. The final body weight (1,547 vs. 1,659 g; SEM = 40.41) and the feed intake (2,055 vs. 2,296 g/d; SEM = 69.94) were lower (P < 0.05) in females compared to males. The last results are in agreement of previous reports [35, 36] and observations from our laboratory in that Ross 308 males had higher carcass yield, lower fat deposition and higher protein and energy retention compared to female broilers [38, 39] .
Histopathological Evaluations
In general, the chicks behaved normally without visible signs of disease before starting the study. However, umbilical infections were found in about 30% of the broilers sacrificed at d 17. No other types of lesions (macroscopic or microscopic) that suggest the presence of any other pathology were found in broilers sacrificed at d 17 or 35 (data not shown). The presence of MBL was identified from 10 d of incubation [23] ; the yolk is therefore a source of MBL during the re-absorption process [42] . It seems that MBL is present in significant amounts at hatching and is able to exert its function in the innate immune system. From 21 d after hatching the chicken synthesizes its own MBL at fairly constant levels to at least 1 year of age [43] . We assumed that our chicks had fixed amounts of MBL available from the yolk sac at hatching. It is unknown whether the chicks faced a health challenge during or after incubation, nor whether this caused a change in the concentrations and pattern of MBL from 17 to 35 d of age.
Overall, the results suggest that LMBL broilers had higher Ab titers and weight gain and lower feed conversion ratio compared to HMBL broilers. It has been previously documented that within a given line of chickens divergent responses to different immune responses can be demonstrated [44] . In our study, an innate (MBL concentration) and an acquired immune response (NDV titers) showed divergent responses. Furthermore, in LMBL broilers a health response (NDV titers) and production traits seems to be positively correlated, but conversely, in HMBL broilers they may be negatively correlated. These differences are suggested to be the result of resource allocation driven by the type of immune response [45] . Speaking of hierarchies, it seems that in our study, the innate immune response (MBL concentration) was the main driver of the acquired immune response (NDV titers), and hence, of the resource allocation (nutrient use) for productive purposes. The effect of the gender seems to be independent and with an opposite direction as to the effect of the MBL concentration given that females had higher Ab titers but lower final body weight and feed intake compared to male broilers. Additionally, the inclusion of increasing levels of YFP had different responses on the Ab titers and growth parameters in LMBL and HMBL, as well that in the Ab titers but not in the growth parameters of female and male broilers. It is probably that when the Ab titers where plotted in LMBL and HMBL broilers related to the increasing levels of YFP ( Figure 2 ) the nested effects of the gender caused a cubic pattern in the first and a quadratic pattern in the second. In the same way, it is feasible that when the Ab titers where plotted in females and male broilers related to the increasing levels of YFP ( Figure 3 ) the nested effects of the MBL concentration caused a cubic pattern in the first and a quadratic pattern in the second.
CONCLUSIONS AND APPLICATIONS
1. In mixed sexes Ross 308 broilers, the addition of increasing levels of dietary YFP (0 to 1,600 ppm) improved the weight gain and feed conversion ratio, while the Ab titers showed a slight positive response at 800 ppm of dietary YFP after 14 d of vaccination. 2. The serum concentrations of MBL declined from 17 to 35 d and were not affected by the inclusion of YFP. LMBL broilers showed higher NDV titers and improved growth parameters compared to HMBL broilers. 3. Females had higher NDV titers but lower production parameters compared to male broilers.
